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Abstmct
UDP-glucuronosyltransferases(UＧＩも,ＥＣ2.4.1.17)areafamilyofmembrane-bound
cnzylncsthatareinvolvedinphasellofdrugmetabolism・HulnanUGI1sareclassifiedintotwo
subfamilics,ＵＧＴ１ａｎｄＵＧＴ２,basedonsimilaritiesbetweentheiraminoacidsequencesand
geneorganizationIbdate,１９ｈｕｍａｎUGTisofOrInshavebeenidentified・Inthisthesis,first，
protein-proteininteractionsbetweenUGTsandtheireffectsonenzymaticactivitieswerc
investigated・Thennalstabilityassaylimmunoprccipitation,andnative-PAGEanalysisrevealed
theprotein-proteininteractionsbetweenUGT1A1,UGT1A4UGT1A6,andUGT1A9､Kinetic
analysisshowedthatkineticparameterswerechangedbythecoexpressionofothcrisofOrms、
Second,thecauseofthediscrepanciesoftheinhibitoryeffectsonglucuronidationsbetween
humanlivermicrosomesandrecombinantsystemswaselucidated・Itwasclarificdthatthe
substratcswithhighJ'inaxﾉKinvalues(>200"L/min/mg)showedpromincntinllibitorycffects
towardtheglucuronidationinhumanlivermicrosolnescomparedtothosewhenusing
recombinantenzymes・Third,insilicotcchniqueswereusedtoinvestigatethecauseofthennal
stabilityofUGT1A9protem・Itwasdemonstratedthatl3aminoacidresidues,whichare
uniquetoUGT1A9,wouldcollectivelyplayanimportantroleinthestabilizationofthe
UGT1A9confOnnationThesefindingsobtainedinthisstudycouldprovideinfOmationon
UGILUGTinteractionsandstructuralfeaturesofUGTprotein
Dissertationabstmct
UDP-glucuronosyltransferases(UGT1s,ＥＣ2.4.1.17)areafamilyofmembrane-bound
enzymcsthatareinvolvedinphaseIIofdrugmetabolism・TheycatalyzethefOnnationof
glucuronidesbythetransferofglucuronicacidfromacofactoruridine5I-diphosphoglucuronic
acid(UDPGA)tohydroxyl,carboxyLoraminegroupsofendogenousandcxogenous
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substrates・HumanUGTbareclassifiedintotwosubfamilics,ＵＧＴ１ａｎｄＵＧＴＺ,basedon
sinlilariticsbetweentheiraminoacidsequcncesandgeneOrganization・Ｉｂｄａｔｅ,１９ｈｕｍａｎUGT
isofOnnshavebeenidentified､ＵＧ低havebeenreportedtofOrmhomo-orhetero-oligomers，
butthefimctionalsignificanceoftheoligomerizationislargelyunknown・Inthisstudylfirst，
doubleexpressionsystemswereestablishedandkineticanalyseswereperfOnnedtoinvcstigate
whetherhetero-oligomerizationsaffCcttheenzymaticactivityofUGIBSecond,thecauseof
thediscrepanciesbetweentheinhibitoryeffectsonglucuronidationinhumanlivermicrosomes
andrecombmantUGT1swasdetennined・Third,thecauseofthethermallystablcpropertyof
UGT1A9wasinvestigatedusingj〃ｓｊＪｉｃｏａｎｄｊ〃ｖｊ〃techniques．
EffectsofproteiルproteininteractionsoflmmanUG耐ontheenzymaticactivities
AnulnberofstudiessuggestedthatmammalianUGmfOnnoligomers・However,whetheror
nothumanUGIMOrmhomo‐andhctero-oligomersremainstobcdetermined・Inaddition，
effectsoftheoligomerizationsonUGTactivitieshadnotbeencleared,Inthisstudy>the
protein-proteininteractionsｂｅｔｗｅｃｎＵＧｍｓａｎｄｉｔｓｅｆｆｅｃｔｓｏｎＵＧＴａctivitieswereinvestigated、
TbconfinnthefOrlnationsofhetero-oligolnersofUGI1s,thennalstabilityassayうdetergent
resistanceassayliInmunoprccipitation,andnative-PAGEwerecarriedoutusingdouble
expressionsystemsinHEK293cells・Theseexperimentsclearlydemonstratedthe
heteけoligomerizationsofUGT1A1/UGT１Ｍ(native-EAGE),UGT1A1/UGT1A9(thcnnal
stabilityassayanddetergentresistanceassay),UGT1A4/UGT1A9(thennalstabilityassayand
detergentresistanceassay),andUGrlA6/UGT1A9(thcnnalstabilityassay;dctergent
rcsistanceassay，andilnmunoprecipitation).A1thougllhetero-oligomerizationsof
UGT1A1/UGT1A6andUGTLAWUGT1A6wcrenotdetectcd,itisconsideredthatthose
isofOnnsalsointeractwitheacllotherbecauseUGT1Amemberssharehigllalninoacid
sequencesimilarity・KineticparametersfOrUGT1A1,ＵＧＴ１Ａ４,ＵＧＴ１Ａ６,and
UGT1A9-catalyzedglucuronidationswereaffectedbyotherUGTisofOnnsJnconclusionlit
wasfOundthatUGT1A1,ＵＧＴ１Ａ４,ＵＧＴ１Ａ６,andUGT1A9interacteacllotheEresultingina
changcofthekineticsoftheenzymaticactivitics・Thercsultsinthisstudysuggestthedifficulty
ofquantitativepredictionsofglucuronidationactivitiesaswellasthecontributionofeachUGT
isofOrmtotheactivitiesinhumanlivermicrosonles''2)．
ＰｍｄⅢｔｉｎｈｉｂｉｔｉｏｎｏｆＵＧＴｅｎｚｙｍｅｓｂｙＵＤＰｏＭblscatestheinhibitoIyeffectsofUGT
substrates
SubstantialprogresshasbeenmadeinidentifyingtypicalsubstratesfOrindividualUGT
isofOnns・A1thoughUGTsdisplaybroadandoverlappingsubstratespecificities,ｓｏｍｅ
compoundsarespecificfCrcertainUGTisofOnnsSuchsubstratescanbeusedasspccific
inhibitorstoidentifytheUGTisofOnn(s)contributingtothcglucuronidationofdrugs・ＨｏｗｅｖｅＬ
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previousreportshaveshownconfilsingresults,namelythat4-nitrophenolandl-naphthol，
typicalsubstratesfOrhumanUGT1A6,inllibitedUGT1A1,ＵＧＴ１Ａ４,orUGT2B7-catalyzed
glucuronidationsinhumanlivermicrosomes,butdidnotinhibittheactivitiesbyrccombinant
UGIb・Thepresentstudyfoundthatl-naphtholshowedmorepotenti血ibitionoftheUGT1A1‐
andUGT1A4-catalyzingactiviticsinhumanlivermicrosomesthanthatbyrecombmant
cnzylnes,whereasl-naphtholmorepotentlyinhibitedtheUGT1A9-catalyzingactivityby
reconlbinantenzymCsthanthatinhumanlivermicrosomcs.ＡsfOrthemechanismresponsible
fOrthisdiscrepancybetwecnhumanlivermicrosomesandrecombinantenzymes,itwasfound
thattheprominentinhｉｂｉｔｉｏｎｏｆＵＧＴ１Ａ１ａｎｄＵＧＴ１Ａ４ａｃｔｉｖｉtiescouldbcattributedtothe
inllibitoryeffectsofUDPproducedbyUGT1A6-catalyzedl-naphtholglucuronidationin
humanlivermicrosomes・Incontrast,itwasconsideredthattheUGT1A6-catalyzedl-naphthol
glucuronidationmhulnanlivermicrosomesattenuatedtheinllibitoryeffCctsofl-naphtholon
theUGT1A9activitylsincel-naphtholhasmostpotentinhibitoryeffectstowardUGT1A9
withinl-naphtho1,1-naphtholO-glucuronide,ａｎｄＵＤＥＴｈｕｓ,whenhumanliverInicrosomes
areusedasanenzymesourcefOrUGTinhibitionstudies,weshouldcarefUllyintcrpretthe
results・Moreover,itwasclarifiedthatthesubstrateswithhighPinax/Khnvalues(>200
"L/min/ing)showedprominentinhibitoryeffectstowardtheglucuronidationinhumanliver
microsomescomparedtothosewhenusingrccombinantenzymes､hconclusion,itwas
demonstratedthatUGTsubstrateswithllightumoverratesmightconfUsetheidentificationof
theUGTisofOnnresponsiblefOrtheglucuronidationofdrugs,ｗｈｅｎｓｕｃｈｃｏmpoundswere
usedasinhibitorsfOrtheactivitiesinhumanlivermicrosomes,owingtotheproductionofUDP
and/orglucuronideorreductionoftheinhibitorperse・n1isfindingisimportantfOravoiding
InisinterpretationsintheidentificationofUGTisofonns3)．
肋ｓ〃ｃｏａｎｄｍｖｊＵｍ叩proachestoelⅢidatethethermalstabilityoflmmaｎＵＧＴ１Ａ９
ＨｕｍａｎＵＧＴ１Ａ９ｉｓｕｎｉｑｕｅｌｙｓｔabletoheattreatlnent,Hbunderstandtheuniqueproperty，the
thrce-dimensionalstructureofUGT1A9wasconstructedbyhomologymodelingusinga
crystalstructureofGtfAasatemplate・ThestructureofUGT1A8,whicllhasthehigllest
homologytoUGT1A9butisthennallyinstable,wasalsoconstructedasareference8These
structurescontaintwoRossmannfOld-likcdomainsintheN-terminusandC-tenninus・
Sequcncealignmentanalysisrevealedthatl3aminoacidresidues(42Ar9,91Lys,92Ala，
106町L111G1yう113町rう115Asp,152As､,l73Leu,Z19Leu,Z21His,Z2ZArg,and241G1u)are
uniquetoUGT1A9whencomparedwｉｔｈＵＧＴ１Ａ７,ＵＧＴ１Ａ８,andUGT1A10mexaminethe
roleoftheseresiduesintheconfOnnationalstabilityofUGT1A9,moleculardynamics
simulationofthestructureswascarriedoutat３１０Kand360KinaqueoussolutionfCr3・O
nanoseconds・Rootmeansquaredeviationanalysesrevealedthat42Arg,173Leu,Z19Leu，
－１０７－
221His,and2Z2Argwereresponsibleforthethermalstability6Rootmeansquarefluctuation
analyscsanddynamicalcrosscorrelationmaprevealedthat911ys,９２Ala,l06rW;l11G1y）
l13Iyn15Asp,Z19Leu,221His,222Arg,and241G1uwereresponsiblefOrthethermal
stabilityjTWrmstudyusingmutantsoftheseresiduesdemonstratedthatalloftheseammo
acidsmiglltbecollectivelyinvolvedinthethermalstabilityofUGT1A9,althoughl52Asn
wouldbemostimportant,IY1us,theresultsinthisstudycouldprovidethemolecularbasisofthe
thermalstabilityofhumanUGT1A9．
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学位論文審査結果の要旨
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